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A B S T R A C T
Purpose: This study investigates the efﬁcacy of transylvian selective amygdalohippocampectomy (TS
SAH) in children with medically intractable epilepsy due to unilateral hippocampal sclerosis. Post-
surgical seizure control, intellectual and memory outcomes are examined.
Method: This study reports on pre- and post-surgical clinical data from 10 patients who underwent TS
SAH between 2002 and 2010 after 24 months follow-up. Pre- and post-operative change in seizure
frequency, AED use, intellect and memory are compared.
Results: At 12 months and 24 months post-surgery, 9/10 (90%) and 7/8 (87.5%) patients respectively,
were seizure free (Engel I). No patients were classed as Engel III or IV. No signiﬁcant improvement or
decline at a group level was found on measures of intellect or verbal or visual memory. One hundred per
cent improved or remained within 1 SD of their pre-operatives score on verbal and perceptual reasoning
learning and reasoning measures. Signiﬁcant improvement was found post-operatively for both
immediate and delayed facial memory.
Conclusion: Our ﬁndings of good post-surgical seizure control and favourable cognitive outcome
provides evidence against previous ﬁndings that SAH in children may not be effective.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Selective amygdalohippocampectomy (SAH) is a recognised
surgical technique that results in excellent seizure control for
adults with medically resistant mesial temporal lobe epilepsy
(TLE) due to hippocampal sclerosis. Surgical outcome studies
investigating seizure control in children following SAH show
marked variability. Estimates of post-surgical satisfactory seizure
control (Engel I and II) in children and adolescents range from 55%1
to 65%2 to 74%.3 This variability in seizure control has lead to
questions about the efﬁcacy of SAH in a paediatric population.
Results are complicated by small sample size,1 mixed patholo-
gy,1,2,3 short follow-up times,4 and the differing surgical
approaches to the SAH (i.e., transsylvian, transtemporal, and
subtemporal). The co-existence of mixed pathology among
paediatric patients with suspected mesial TLE is common.5 The
choice of SAH for the treatment of these children may account for
lower rates of post-surgical seizure freedom. Good post-surgical
seizure control has been achieved using SAH in children and
adolescents when the pathology is unilateral hippocampal
sclerosis.5,6* Corresponding author. Tel.: +44 2380 794657; fax: +44 2380 794484.
E-mail address: anne.beaton@uhs.nhs.uk (A.E. Beaton).
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http://dx.doi.org/10.1016/j.seizure.2012.07.012Cognitive function in children with hippocampal sclerosis who
undergo SAH is even less well-documented than seizure control,
and the interpretation of these results suffers from similar
problems. In childhood temporal lobe epilepsy (TLE) more
generally, cognitive outcomes have focused on intellect and
memory. Post-surgical intellectual outcomes show little or no
group changes up to 2 years after surgery.7,8 Of 16 studies that
reported statistical information or discussed group outcome, three
found evidence of signiﬁcant increase in post-surgical intellectual
ability. Of these, two found s but signiﬁcant increases in nonverbal
intelligence8,9 and one found an increase in full-scale IQ (FSIQ),
possibly due to improved attention and motor speed. With longer
follow-up (>6 years), children with TLE show improved post-
surgical intellectual function compared to a non-surgical epilepsy
group.10 In children undergoing transparahippocampal SAH with
purely hippocampal sclerosis, Robinson and colleagues (2000)
showed improvement in verbal IQ and full scale IQ post-
operatively if seizure-free, possibly due to the sparing of the
lateral cortex, allowing for verbal skills to be used once the
interference of seizures had ceased.11
Verbal memory function following paediatric temporal lobe
resection has mostly seen no signiﬁcant change at a group level
with left temporal lobe resections2,11–14 although some signiﬁcant
declines in verbal memory have been reported.15–18 A comparison
of outcome following left- and right-sided temporal resections invier Ltd. All rights reserved.
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operative levels of verbal learning capacity 1 year post-surgery
where as adults did not, and the children who underwent right-
sided resections showed improvement in visual memory and
attention 1 year post-surgery.19
Face-memory impairment has been found in adults following a
right-sided SAH,20 with patients with substantial right medial
temporal damage recognising fewer faces than controls or those
who underwent a left-sided SAH. In temporal lobe surgery more
generally, children show a similar pattern of impairment but with
improvements noted following right-sided resections between
pre-operative and post-operative levels of performance,21 al-
though performance remained at a lower level than those with
left-sided resections. There are few data in children undergoing
transsylvian SAH, which preserves the fusiform gyrus, potentially
allowing improvement in facial memory if it was affected by
seizure activity and the patient was rendered seizure free
following surgery.
1.1. The effect of dominance
Adult temporal lobe epilepsy has frequently been associated with
selective memory deﬁcits in the presence of normal intelligence.22
Left temporal lobe epilepsy due to hippocampal sclerosis is
associated with deﬁcits in remembering verbal material.4 It is,
however, not always present across different verbal memory
measures. For example, in adults, the degree of left hemisphere
hippocampal neuronal loss following surgical resection has been
associated with pre-operative delayed memory for a word list,23
narrative memory percent retention scores,4,24 and performance on
the immediate and delayed trials of unrelated word pairs.4
In children there is some evidence of a similar, though less
severe and consistent, verbal memory deﬁcit associated with left
hemisphere temporal pathology.25 In 22 right-handed children
with intractable TLE, verbal memory dysfunction was worse
among children with left foci compared to those with right foci and
controls, whereas nonverbal dysfunction was most prominent
among children with right foci. However, results are complicated
by the study of children with mixed pathology.
More recent research investigating the effect of pathology type
on memory outcome has found that children with hippocampal
sclerosis show greater impairment on delayed story recall and a
more modest impairment on delayed verbal-paired associates.26
The difference in degree of impairment on these measures maybe
due to differences in the degree each measure taps hippocampal-
dependent episodic memory. Semantic memory, as measured by
verbal subtests on the WISC III and WISC IV, was also moreTable 1
Demographics and clinical characteristics of the patient sample.
Patient and gender
M:F 4:6
Age at seizure
onset (years)
Age at surgery
(years)
Surgery N AEDs
baseline
A 1.5 18 RT TSSAH 3 
B 3 5.67 RT TSSAH 2 
C 2 17 RT TSSAH 2 
D 2 16.75 RT TSSAH 2 
E 2 11.17 RT TSSAH 3 
F 0.67 16.67 LT TSSAH 2 
G 2 14.83 LT TSSAH 1 
H 4 10.9 LT TSSAH 2 
I 3 12.17 LT TSSAH 3 
J 8.67 13.33 LT TSSAH 3 
Mean 2.88 13.68
SD 2.28 3.58
AEDs, Antiepileptic Drugs; HS, hippocampal sclerosis; LT, left temporal lobe; RT, right te
generalised tonic clonic; CPS, complex partial seizures; SPS, simple partial seizures.impaired in children with left-sided hippocampal sclerosis,
consistent with the involvement of extra-temporal structures,
which in turn constrained the development of verbal intellectual
abilities in these young people.
1.2. Age at onset
Age at onset of TLE may also inﬂuence outcome. Children with
unilateral TLE and onset of epilepsy in the ﬁrst year of life are more
likely to have intellectual dysfunction that is independent of the
duration of epilepsy, hemispheric side of lesion, pathology and
seizure frequency, indicating a particular vulnerability of the infant
brain to seizures.27 Others have found that children with either
generalised or partial temporal seizures which start before the age
of 5 years show later impaired neuropsychological performance,
and children with intractable epilepsy onset before age 2, together
with daily seizures, show global cognitive impairment.28 In
hippocampal sclerosis speciﬁcally, global cognitive impairment
following seizure onset before 2 years of age has been found.28
1.3. Aim
The aim of this study was to investigate the efﬁcacy of the
transsylvian (TS) SAH in children with a single hypothesised
aetiology of unilateral hippocampal sclerosis on pre-operative
investigation. Surgery was performed by one surgeon with the
epileptogenic site being accessed only by the transsylvian
approach. Post surgical outcomes were examined in terms of
seizure control and, as SAH in adults is thought to offer
neuropsychological beneﬁts derived from the preservation of
the lateral temporal cortex,2 the impact of this single neurosurgical
approach on intelligence and memory in children was also
examined. In children, as in adults, the location and extent of
surgery may inﬂuence cognitive function as well as ongoing
developmental changes and physiological and functional plastici-
ty. In line with previous research, the four indices that make up the
Wechsler Intelligence Scale (verbal comprehension (VC), percep-
tual reasoning (PR), working memory (WM) and processing speed
(PS) were examined pre- and post-operatively as measures of
intellect, in addition to verbal immediate and delayed and visual
immediate and delayed memory. Facial memory was also
investigated as the fusiform gyrus is spared in TS SAH. Following
previous research that suggests a right-hemisphere predominance
with some bilateral organisation of facial memory,21 it was
hypothesised that facial memory would improve and that those
with right-sided pathology would improve more than those with
left-sided pathology. at Seizure frequency preoperatively Seizure type
Weekly seizures (5 per week). CPS
Weekly seizures (15 per week, typically 5 per day) CPS, GTC
Daily seizures (5–12 per day) SPS, CPS, GTC
Daily seizures (4 per day) CPS, GTC
Weekly seizures (1–2 per week) CPS
Weekly seizures ( 3–5 seizures every 2–3 days) CPS
Daily seizures (5 seizures per day) CPS
Weekly seizures (2 per week) SPS, CPS, GTC
Monthly seizures (3–4 severe seizures per month) SPS, CPS, GTC
Weekly seizures (3 per week SPS, CPS
mporal lobe; TS SAH transsylvian amygdalohippocampectomy. Seizure type: GTC,
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2.1. Patients
Descriptive information for patients is shown in Table 1. The
present study is a review of clinical data of patients who
underwent TS SAH for intractable temporal lobe epilepsy at the
Wessex Neurological Centre, Southampton General Hospital,
between August 2002 and September 2010. Criteria for inclusion
were: epilepsy resistant to medical control, age below 19 years,
isolated sclerosis of the hippocampus on pre-operative imaging,
congruent MR imaging and EEG data, and a follow-up of at least 1-
year (seizure outcome). Patients with a pre-operative diagnosis of
dual pathology all underwent anterior temporal resections and
were therefore not included.
Ten patients satisﬁed the inclusion criteria. At the time of
surgery, three patients were children (aged <12 years), and the
remaining seven were adolescents. All patients had a seizure onset
below 10-years old (mean 2.88, range 0.67–8.7) with ﬁve having
febrile convulsions before age 2. All patients except one were right
handed. Patient E was left-handed. Patient H’s handedness was
mixed although predominantly right-handed. Six of the ten
patients were girls. Three patients had psychiatric diagnoses.
Patients E and F had a diagnosis of Autistic Spectrum Disorder
(ASD) and Patient E also had a diagnosis of Attention Deﬁcit
Hyperactivity Disorder (ADHD). Patient D had a familial history of
psychosis and global developmental delay. AED medication and
dosage varied across the sample with agents including carbamaz-
epine, lamotrigine, oxcarbazepine, topiramate, valproate, levetir-
acetam, gabapentin, and clobazam. Hippocampal sclerosis was
conﬁrmed by histology in all cases.
2.2. Preoperative evaluation
All patients underwent continuous, non-invasive scalp EEG
recordings and videotelemetry prior to surgery to determine ictal
and interictal focal activity. The data were classiﬁed according to
the location of interictal epileptiform EEG activity and ictal onset.
One patient underwent invasive intracranial electrode monitoring,
with unilateral frontal and lateral temporal grid electrodes and
bilateral hippocampal depth electrodes, after scalp EEG data and
PET scanning showed possible frontal involvement. This monitor-
ing conﬁrmed a pure mesial temporal onset.
All patients underwent pre-operative MRI assessments at
Southampton General Hospital. MRI scans were analysed by
neuroradiologists experienced in the ﬁeld of paediatric epilepsy.
No patients underwent functional MRI. No MR imaging volumetry
or T2 measurement was performed.
All patients underwent neuropsychological evaluation prior
to surgery (mean 10.2 months before surgery, range 6–18
months), and following surgery (mean 15.9 months post
surgery, range 8–29 months). The neuropsychological measures
include the Wechsler Intelligence Scale for Children (WISC;
versions III and IV), the Wechsler Adult Intelligence Scale
(version III), Wechsler Preschool and Primary Scale of Intelli-
gence (WPPSI), the Wechsler Memory Scale-III (WMS), and the
Children’s Memory Scale (CMS). As surgical effects upon seizure
frequency, intellect and memory functioning were the central
focus of the present study, additional assessments such as the
Rey Complex Figure, NEPSY, and Test of Everyday Attention for
Children were excluded from the analysis.
Patient B performed the WPPSI due to age, and was unable to
complete all elements of WPPSI and the CMS (aged <5-years old).
Consequently computation of the processing speed index was not
possible. Change in memory function for Patient B was also
omitted due to the absence of baseline data. All index scores weresubject to score discrepancy criteria; some could not be computed
due to disparity between performances on various subtests.29
2.3. Design and statistical analysis
Surgical outcomes in terms of seizure frequency (Engel
classiﬁcations) at 12 and 24 months were calculated. Pre- and
post-surgical neuropsychological changes were analysed where
possible at a categorical level. Pre- and post-operative percentage
change was also calculated. Following Paglioli et al.,30 a signiﬁcant
change was deﬁned as a difference between pre- and post-
operative index scores greater than 15 points (1 SD). In this
context, there were three possibilities: (i) patients whose scores
did not vary more than 15 points from pre-operative function; (ii)
those who improved more than 15 points, and (iii) those who
declined by more than 15 points. Patients who did not change or
improved were treated as a unitary category as this was assumed
to be the ideal outcome. Dependent variables include VC, PR, WM,
PS, verbal immediate and verbal delayed and visual immediate and
visual delayed indices, and immediate and delayed face memory.
Full-scale IQ (FSIQ) has not been reported. The FSIQ is an
amalgamation of index scores and given the variable neuropsy-
chological proﬁle of many patients, the FSIQ was not calculated for
all. Facial memory was investigated in two ways: (i) at a group
level using Wilcoxon Rank Sign, and (ii) at a categorical level
examining those patients who did and did not improve, as deﬁned
by a pre- to post-operative change in scaled scores of greater than 1
SD above or below pre-operative levels, and the effect of
dominance as measured by handedness.
2.4. Surgical procedure
All patients showed sclerosis of the hippocampus according to
MR imaging. No patient had dual pathology. All were referred for
surgical assessments and the ﬁnal decision was based on the
congruency of clinical ﬁndings from the EEG, videotelemetry, and
neuropsychological evaluations. Criteria for the TS SAH procedure
were a clear epileptiform focus within the mesialbasal limbic
structures, and reasonable function in the contralateral mesial
temporal lobes. Five patients underwent right-sided TS SAH and ﬁve
had left-sided TS SAH. For a detailed account of the surgical method
refer to Yasargil.31 The fusiform gyrus was spared in all cases.
2.5. Seizure control
Seizure freedom was assessed using the Engel classiﬁcation
system.32,33 Using this system, assessments of seizure activity
were conducted every 12 months and were based on seizure
activity in the 12 months prior to the assessment. A 2-year period
post-surgery therefore allows classiﬁcation to include the Ic and IIc
categories. Ic is a period of infrequent seizures after surgery but
seizure-free for most of the year. IIc is rare seizures for the entire
year. This permits ratings to shift from or to a lower class after 1
year as adopted by Wieser et al.34 The assessment of seizures pre-
and post-operatively were conducted by psychologist and an
independent neurosurgical clinician. Interrater reliability was
tested using Kappa statistic and yielded perfect consistency
(Kappa = 1). The number of Antiepileptic Drugs (AEDs) was
analysed at the same time points postoperatively.
3. Results
3.1. Seizure and AED outcome
Table 2 summarises surgical outcome. Eight out of ten patients
(80%) were seizure-free 12 months after surgery. Based on seizure
Table 2
Post-surgical seizure freedom based on the Engel classiﬁcation system and number of AEDs post-surgery.
Patient Engel at 12 months Engel at 24 months N AEDs at 12 months N AEDs at 24 months
A Ia Ia 2 1
B IIb IIb 2 1
C Ia Ia 2 2
D Ia – 2 –
E Ia – 2 –
F Ia Ia 2 2
G Ia Ia 1 1
H Ia Ib 1 2
I Ia Ia 3 1
J Ib Ib 3 1
ENGEL I 90% 87.5%
ENGEL II 10% 12.5%
Right-sided resections in italics.
AEDs, Antiepileptic Drugs.
Engel classiﬁcation: Engel I = seizure free (Ia, completely seizure free since surgery, Ib, non-disabling simple partial seizures only since surgery, Ic, some disabling seizures
since surgery but seizure free for most of the period of follow-up, Id, generalised convulsions after complete AED withdrawal only); Engel II = rare disabling seizures (IIa,
initially free for disabling seizures but experiences rare seizures, IIb, rare seizures since surgery, IIc, occasional disabling seizures but rare seizures for the period of follow-up,
IId, nocturnal seizures only – without causing disability); Engel III a worthwhile improvement with 90% reduction in seizure frequency (IIIa, worthwhile seizure reduction,
IIIb, prolonged seizure free intervals accounting for to >50% of follow-up period); Engel IV no improvement (IVa <90% reduction, IVb, no appreciable difference, IVc, seizures
worse). Patient’s D and E were only 12 months post surgery when the data was collected for this study, therefore 24 month follow-up data was unavailable for seizure
outcome or number of AEDs.
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effects, both achieving clinically signiﬁcant reductions in seizures.
Four right-resected patients were classiﬁed as Engel Ia at 12 months
post-surgery (80%) and efﬁcacy was maintained at 24 months
excluding Patients D and E who were only 12 months post-surgery at
the time of data collection. Overall 87.5% were seizure-free 24
months post-surgery. One left-resected patient was classiﬁed as
Engel IIb at twelve and 24 months. Of the left-resected patients, four
were classiﬁed as Engel Ia at 12 months (80%) and at 24 months
Patient H moved from Engel 1a to Engel 1b due to rare non-disabling
seizures. Patient J remained the same. No patients were classed as
Engel III or IV. The number of AEDs was reduced in two patients 12
months post-surgery (20%) and at 24 months four patients were ableTable 3
Neuropsychological data for intellectual functioning pre- and post-surgery.
Patient VCI PRI 
Pre Post Change Pre Post Change 
A 87 81 6
No change
109 105 4
No change
B 79 67 12
No change
63 73 10
No change
C 112 98 14
No change
105 95 10
No change
D 53 67 14
No change
63 64 1
No change
E 59 61 3
No change
73 67 6
No change
F 45 67 22
Improved
92 89 3
No change
G 61 72 11
No change
79 87 8
No change
H 85 83 2
No change
74 73 1
No change
I 111 97 14
No change
96 85 11
No change
J 74 77 3
No change
101 113 12
No change
Mean 76.6 77 – 85.5 85.1 – 
SD 22.94 12.8 – 17.22 16.18 – 
Right-sided resections in italics.
Pre, pre-surgical assessment; Post, post-surgical assessment; Pre surgery and post surger
comprehension index; PRI, perceptual reasoning index; WMI, working memory inde
decline = >15 points.
a Not calculated due to omitted subtests or excessive score discrepancies.to reduce their medication (50%, excluding Patients D and E). Patient
H was prescribed an additional AED after 12 months.
3.2. Neuropsychological outcomes
Table 3 shows pre- and post-operative index scores on the
WPSSI, WAIS-III, WISC III and IV. Patients B and E were excluded
from the analysis due to a lack of data. Eighty-eight per cent of
young people showed no change or improvement on processing
speed (Fig. 1). Of these, three improved by more than 1 SD. The
greatest gains in processing speed were observed in Patient A with
a 20 point increase, Patient J with a 23 point increase, and Patient F
with a 44-point increase. These are substantial improvements for
patients, with processing speed increasing from the extremely lowWMI PSI
Pre Post Change Pre Post Change
106 109 3
No change
97 117 20
Improved
a 83 – a 81 –
124 99 25
Decline
84 96 12
No change
52 61 9
No change
75 66 9
No change
50 56 6
No change
75 78 3
No change
77 51 16
Decline
62 106 44
Improved
66 71 5
No change
88 97 9
No change
80 74 6
No change
104 80 24
Declined
109 109 0
No change
94 101 7
No change
77 66 11
No change
68 91 23
Improved
82.33 77.9 – 83 90.9 –
25.74 21.34 – 14.04 14.81 –
y scores are given as standard index scores provided by the WISC battery; VCI, verbal
x; PSI, processing speed index. Improved = >15 points; no change = <15 points;
Fig. 1. Changes from baseline to follow-up in mean processing speed index scores,
baseline N = 10, follow-up N = 10, error bars 1 SE.
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average to high average range for Patient A. One patient declined.
Patient H fell from the average to low average range. Patient H
experienced rare partial seizures following surgery and required
an increase in their AED medication possibly accounting for the
decline in processing speed. Equal number of patients with right
and left-sided resections showed improvement and declines in
processing speed.
Seventy-seven per cent of patients showed no change in
working memory index scores. Twenty-two per cent declined.
These included Patient F who declined from the borderline range to
the extremely low range and Patient C who declined from the
superior to average range.
One hundred per cent improved or remained within 1 SD of
their pre-operatives score on the verbal comprehension index. For
Patient F, change was greater than 15 points and therefore
considered moderate. One hundred per cent remained within 1 SD
of their pre-operative scores on the perceptual reasoning index.
Pre- and post-operative memory outcomes are shown in Table
4. Seventy-ﬁve per cent (6 out of 8 patients) showed stability or
improvement in visual immediate memory. Patient B was not
assessable prior to surgery but was able to be assessed followingTable 4
Neuropsychological data for memory function pre- and post-surgery.
Patient Visual immediate memory Visual delayed memory 
Pre Post Change Pre Post Chang
A 100 103 3
No change
88 109 21
Impro
B a 63 – a 72 –
C 75 75 0
No change
Not assessable 81 Impro
D 50 68 18
Improved
60 56 16
Impro
E – – – – – – 
F 82 75 7
No change
57 62 5
No ch
G 99 91 8
No change
94 103 9
No ch
H 94 75 19
Declined
97 66 31
Declin
I 103 85 18 100 97 3
No ch
J 94 97 Declined 97 94 3
No ch
Mean 87.12 81.33 84.71 82.22 
SD 17.75 13.49 18.31 19.27 
Right-sided resections in italics.
Pre, pre-surgical assessment; Post, post-surgical assessment; Pre surgery and post surge
completed NEPSY memory tests therefore pre and post memory data was not included
a Not calculated due to omitted subtests or excessive score discrepancies.surgery and was not included in these calculations. Twenty-ﬁve
per cent (2 patients) declined. Eighty-eight per cent (7 out of 8
patients) showed stability or improvement in visual delayed
memory. Three of these were right-sided resections. Patient B who
was not assessable prior to surgery, was also a right-sided
resection assessable post-surgery. All patients were left-hemi-
sphere dominant for language. One patient showed a signiﬁcant
decline of more than 2 SDs. This patient received a left-sided
resection and was left-hemisphere dominant for language.
Eighty-eight per cent (7 out of 8 patients) showed stability or
improvement in verbal immediate memory. One patient showed a
signiﬁcant decline of more than 1.5 SDs. Patient I improved by
nearly 1.5 SDs after a left-sided resection. Eighty-eight per cent (7
out of 8 patients) showed stability or improvement in verbal
delayed memory. One patient showed a signiﬁcant decline of more
than 1.5 SDs. The largest improvement was Patient I’s 28-point
improvement (nearly 2 SDs).
Table 5 shows pre- and post-operative data for facial memory.
Patients B and E were excluded due to a lack of data. Using
categories previously described, all patients remained stable or
improved on immediate facial memory (Fig. 2). Patient J improved
markedly by 6 scaled score points equating to two standard
deviations. At a group level, improvements in immediate facial
memory were signiﬁcant (Z = 1.897, p < 0.029). Using the same
categories, all patients remained stable or improved on delayed
facial memory (Fig. 2). The greatest improvement was observed in
two right-resected patients (Patients A and C) with a 7-point scaled
score increase. At a group level, delayed facial memory also
improved signiﬁcantly post-surgery (Z = 1.07, p < 0.044). Chi-
squared analysis suggested that improvement was not a function
of decrease in AEDs (Fisher’s exact = 1.6, p = 0.46).
4. Discussion
All patients in this study underwent TS SAH surgery for
unilateral hippocampal sclerosis, performed by a single neuro-
surgeon at a single hospital following standardised assessment
methods, eliminating some potentially important variables in any
assessment of surgical outcome on seizure control, intelligenceVerbal Immediate memory Verbal delayed memory
e Pre Post Change Pre Post Change
ved
106 100 6
No change
112 103 9
No change
a 66 a 57 –
ved 105 105 0
No change
102 102 0
No change
ved
50 56 6
No change
50 52 2
No change
– – – – – –
ange
69 47 22
Declined
69 46 23
Declined
ange
72 74 2
No change
82 71 11
No change
ed
57 51 6
No change
60 57 3
No change
ange
60 82 22
Improved
57 85 28
Improved
ange
54 57 3
No change
51 57 4
No change
71.75 70.89 – 74.12 70
22.35 21.06 – 25.54 21.64
ry scores are given as standard index scores provided by the CMS battery; Patient E
. Improved = >15 points; no change = <15 points; decline = >15 points.
Table 5
Neuropsychological data for facial memory pre- and post-surgery.
Patient Facial immediate memory Facial delayed memory
Baseline scaled score Follow-up scaled score Change Baseline scaled score Follow-up scaled score Change
A 8 11 3 4 11 7
B a 4 4 a 3 3
C 3 6 3 a 7 7
D 1 5 4 2 3 1
E – – – – – –
F 7 6 1 3 4 1
G 8 9 1 7 12 5
H 5 5 0 7 4 3
I 10 10 0 7 8 1
J 4 10 6 6 10 4
Mean 5.75 7.33 5.14 6.89
SD 3.01 2.65 2.12 3.55
Right-sided resections in italics.
Pre surgery and post surgery scores are given as age based scaled scores; Patient E completed NEPSY memory tests therefore pre and post memory data was not included.
a Not assessable.
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SAH with 90% of young people being classiﬁed as Engel I at 12
months and 88% at 24 months. Evidence suggests that freedom
from seizures at 2 years is a good predictor of long-term
remission.35 These results provide evidence against the suggestion
that post-surgical seizure outcomes following SAH in children are
not as good as in adults.1,3 Clusman reported good seizure control
(Engel I or II) in 74% of patients following paediatric TS SAH.3 This
study included patients with lateral abnormalities on MRI scans
and tumours, dysplasia or normal ﬁndings on neuropathological
examination. Of the 18 patients with histopathological Ammon’s
horn sclerosis, 83.3% (15/18) had Engel I or II outcome. The authors
also noted less favourable outcomes for left sided TSSAH (58.3% cf.
86.7%). Datta has previously reported lower rates of good seizure
control following SAH in children compared to adults, with only
55% of children (n = 9) Engel I or II on follow-up (1–4 years).1
However, the majority of children in this study did not have
unilateral mesial temporal sclerosis (MTS). Of the 5 children with
MTS on pre-operative MRI, 3 achieved good seizure control. Of the
two remaining children (Engel IV), neuropathology subsequently
revealed a glioma in one and the second child had MTS conﬁrmed
on neuropathology but required an anterior temporal lobectomy
for seizure control. The authors therefore suggested children with
classic MTS may have a less favourable outcome than adults but
that further research was needed. In our study, all children had
suspected MTS preoperatively, conﬁrmed in all cases on subse-
quent neuropathology, and all had good seizure control (Engel I or
II). Our small study suggests in selected children, TSSAH can
achieve excellent seizure control for patients with medically
intractable epilepsy and a preoperative diagnosis of isolated
hippocampal sclerosis. Robinson reported rates of 71% seizureFig. 2. Changes from baseline to follow-up in mean immediate facial memory scaled scor
mean scaled score, baseline N = 8, follow-up N = 9. Delayed facial memory mean scaledcontrol (Engel I or II) of children undergoing transparahippocampal
SAH on 2-year follow up (n = 17).2 However, of 10 children with
only unilateral temporal lobe involvement on pre-operative EEG
and MRI, all achieved good seizure control (90% Engel I, 10% Engel
II) after 2-years.2 Comparisons between studies are limited by
several factors including differing deﬁnitions of Engel classes II, III
and IV outcome,1–3,34 surgical approaches, pre-operative evalua-
tion and histopathology.
Neuropsychological results paint a largely positive picture. All
remained within pre-operative levels or improved on the verbal
comprehension index and the perceptual reasoning index regard-
less of dominance or side of resection. Facial memory, immediate
and delayed, remained stable or improved. Facial memory is an
important component in complex social interactions in everyday
life. It is difﬁcult to say why facial memory remained stable or
improvement occurred due to the small numbers in this study.
Reduction in AEDs did not account for the change although the lack
of signiﬁcance may be due to sample size. It is possible that this
change is due to improvement in attentional abilities or possible
reduction of interictal activity affecting the fusiform gyrus, but this
is entirely speculative. Categorical analysis of dominance or side of
resection could not be performed due to small cell frequencies so it
is difﬁcult to provide an explanation as to why this occurred.
Previous studies have suggested right hemisphere specialisation
for face perception throughout childhood and found similar results
to ours whereby improvements are found in face memory even
within the right-sided hippocampal sclerotic group.21 Our data
could also show that pre-operative deﬁcits in those with right-
sided pathology are due to epileptic disruption of regions beyond
the pathological tissue, and that these deﬁcits improve following
surgery.es (A) and mean delayed facial memory scaled scores (B). Immediate facial memory
 score; baseline N = 7, follow-up N = 9, error bars 1 SE.
A.E. Beaton et al. / Seizure 21 (2012) 699–705 705On other variables, results indicate relative stability at a
categorical level although on processing speed, working memory
and the memory indices there are individuals who show marked
decline on some index scores and marked improvement on some
index scores. Given that persistent medically intractable seizures
have a detrimental impact on children’s cognitive development,36,2
the results of this study suggest tentative but potentially promising
neuropsychological outcomes. In paediatric temporal epilepsy
generally, post-surgical intellectual outcomes show little or no
group changes up to 2 years after surgery.7,8With longer follow-up
(>6 years), children with TLE show improved post-surgical
intellectual function compared to a non-surgical epilepsy group.10
Longer follow-up of paediatric patients undergoing TS SAH for
hippocampal sclerosis is clearly needed to see if results are
comparable to those undergoing different resective approaches
and compared to non-surgical controls.
It is likely that numerous factors inﬂuence intellectual and
memory outcome including the high degree of interictal activity
associated with temporal lobe epilepsy which may lead to stronger
involvement of the non-dominant hemisphere in language, along
with age at seizure onset,18 cessation of AEDs, and changes in brain
grey matter volume.10 For example, Patient H showed an increase
in AEDs at 24 months from one to two and a reduction in
classiﬁcation of seizure frequency from 1a to 1b. This increase in
epileptic activity and subsequent increase in AED may have
contributed to the 24-point decrease in processing speed.
Language re-organisation following hemispherectomy in chil-
dren demonstrates that the developing brain has a greater capacity
to functionally re-organise and regain much language.37 Those that
sustain injury at an older age tend to show less plasticity and,
unless injury is extensive and involves anterior and posterior
language centres, transfer to the non-dominant hemisphere may
not happen. Smaller, more focal lesions are more likely to result in
reorganisation of language in the same hemisphere, possibly in
adjacent cortical areas, or a general reduction in cognitive ability
due to the effects of crowding out. Whether these ﬁndings
generalise to all cognitive abilities, including memory, is unclear.
Clearly further research is needed with an equally homogenous
but larger-sized sample with a longer period of follow-up
assessment. Nevertheless, current results highlight the efﬁcacy
of SAH via the transsylvian approach for children with intractable
epilepsy from hippocampal sclerosis, in terms of favourable
seizure and neuropsychological outcomes.
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